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Abstract  The endurance capacity of the spinal 
extensor muscles plays a key role in maintaining 
spinal function. This systematic review and meta-
analysis aims to synthesise current evidence on how 
ageing influences fatigue of the spinal extensor mus-
cles, addressing the inconsistent findings reported 
across existing studies. Medline, EMBASE, PubMed, 
Web of Science and CINAHL Plus databases were 
searched from their inception to 28 June 2025. Cross-
sectional studies assessing fatigue of the spinal exten-
sor muscles of healthy older adults (>60 years) versus 
younger adults were included. Methodological qual-
ity was evaluated using the Appraisal Tool for Cross-
Sectional Studies and the GRADE approach was 
applied to assess the certainty of evidence. Results 
were synthesised using both narrative and quantita-
tive approaches. A random-effects meta-analysis was 

conducted for endurance time. The PRISMA guide-
lines were followed for reporting. Of the 1253 records 
screened, 13 studies were included, with 9 contrib-
uting to the meta-analysis. The meta-analysis, sup-
ported by moderate certainty of evidence, revealed a 
significant reduction in endurance time of the back 
extensor muscles during sustained isometric con-
tractions in older adults compared to younger con-
trols (MD = −41.31; 95% CI: −64.04; −18.57). The 
remaining outcomes were synthesised narratively: 
electromyograph (EMG) related measures showed 
mixed findings, likely due to methodological vari-
ability across studies, while force decline and Borg 
ratings were reported in only a few studies. This sys-
tematic review revealed that the endurance time of 
the back extensor muscles is reduced during isomet-
ric tasks in older adults. However, inconsistent EMG 
findings limit our understanding of the neuromuscular 
mechanisms underlying this decline.

Keywords  Ageing · Muscle fatigue · Endurance · 
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Introduction

Optimal functioning of the spinal extensor mus-
cles, which include the lumbar, thoracic and cervi-
cal (neck) extensors, is essential for spinal posture 
and function. As these muscles are usually exposed 
to sustained or repetitive low-level contractions 
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to maintain upright posture, previous studies have 
emphasised the importance of their endurance capac-
ity [1, 2]. Thus, muscle fatigue, defined as a reduc-
tion in the force/power-generating capacity of skeletal 
muscles in response to prolonged or repeated activ-
ity [3], has been widely investigated in both back and 
neck muscles, across healthy and clinical populations. 
For instance, it has been demonstrated that fatigue of 
the back extensor muscles can impair postural control 
during both static [4, 5] and dynamic tasks [6]. Addi-
tionally, reduced back muscle endurance has been 
identified as a predictor of long-term back-related 
disability [7]. Similarly, fatigue of neck extensor mus-
cles has been associated with altered cervical posi-
tion sense [8], and decreased endurance time has been 
previously reported in individuals with chronic neck 
pain [9].

Given the critical role of spinal extensor muscles 
for spinal health, their function has also been investi-
gated in the context of ageing. Previous studies have 
demonstrated that both paravertebral and cervical 
extensor muscles undergo age-related degenerative 
changes, including muscle atrophy and increased fat 
infiltration [10, 11]. Interestingly, Beauchamp et  al. 
[12] reported that trunk extensor endurance is among 
the key physical factors predicting participation in life 
roles in older adults. Improvements in trunk extension 
endurance have also been associated with enhanced 
balance in community-dwelling older adults with 
mobility limitations [13]. Moreover, as the prevalence 
of neck pain increases with age and has a substantial 
impact on quality of life [14], improving neck exten-
sor endurance may be beneficial for older populations 
to prevent and/or reduce pain [15, 16].

Several studies have investigated how the endur-
ance of spinal extensor muscles changes with ageing. 
Some authors have observed lower endurance time in 
older people when performing the Ito test [17] and the 
Biering-Sørensen back endurance test [18]. However, 
other studies have reported either increased endurance 
time during dynamic back extensions in the elderly 
[19] or no significant differences in trunk extension 
endurance between older and younger individuals 
during a modified Sørensen test [20, 21]. Addition-
ally, some previous studies have employed surface 
electromyography (sEMG) to assess the myoelectric 
manifestations of fatigue in spinal muscles, typi-
cally by analysing the decline in median frequency 
(MF) and/or mean power frequency (MPF) over time. 

While some authors have reported a smaller decline 
in MF in older participants during sustained isomet-
ric back extensions [22], others found no significant 
differences during a back extension exercise using the 
Roman Chair [23], or reported a reduced decline only 
in older men, but not in women [24].

In light of inconsistent findings across the litera-
ture, this systematic review and meta-analysis aims 
to synthetise and critically evaluate existing evidence 
on whether the development of fatigue in the spinal 
extensor muscles and endurance time differs in older 
versus younger adults.

Methods

This review is reported in line with the 2020 guide-
lines of Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) (Supplemen-
tal file 1) [25]. The protocol for this review was regis-
tered on the International Prospective Register of Sys-
tematic Reviews (PROSPERO; CRD42025645295) 
on 31 January 2025.

Eligibility criteria

The PICOS framework, which includes Population, 
Intervention, Comparison, Outcomes and Study 
design, was used to define the inclusion criteria for 
this systematic review. However, the original term 
“Intervention” was replaced with “Indicator” due to 
the nature of potentially eligible studies, as reported 
by previous similar systematic reviews [26, 27].

Population

Studies were considered eligible for inclusion if they 
involved physically independent older adults aged 60 
years and above. Although the age cutoff for defin-
ing an “older” person may vary across countries, 
the 60+ threshold was selected based on the United 
Nations’ definition [28]. Additionally, studies were 
required to include a control group of young and/or 
middle-aged individuals as comparators. Only stud-
ies involving healthy participants were considered, 
defined as individuals free from musculoskeletal dis-
orders, neuro-systemic degenerative diseases, chronic 
cardiovascular or respiratory system diseases. Partic-
ipants also had to be free from a history of chronic 
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spinal pain, current spinal pain, spinal surgery, or spi-
nal deformities. Lastly, there were no restrictions in 
terms of gender and/or ethnicity.

Indicator

Eligible studies were those assessing muscle fatigue 
in the spinal extensor muscles and/or endurance, 
including lumbar, thoracic, and neck extensor mus-
cles. Studies involving voluntary fatiguing contrac-
tions performed either for a fixed duration or until 
task failure were included. The tasks involved the 
use of a specific dynamometer for trunk muscles or a 
standardised test for spinal extensor endurance, such 
as the Biering–Sørensen test or the Ito test. The Bier-
ing–Sørensen test and its variations (i.e., modified 
Sørensen test on a Roman Chair) and the Ito test are 
standardised isometric tests designed to assess the 
endurance of the back extensor muscles [29]. In these 
tests, participants are positioned prone and instructed 
to lift the upper body to maintain a horizontal posture 
for as long as possible or for a predetermined dura-
tion. These tests differ primarily in the type of sup-
port (e.g., Roman chair or bench), fixation methods 
(e.g., lower body stabilisation) and arm positioning. 
All types of contractions were included (i.e., isomet-
ric or dynamic), measured both at an absolute force/
torque level or relative to the individual’s maximal 
voluntary contraction (MVC).

Comparison

Eligible studies included comparisons of specific out-
come variables (e.g., endurance time, EMG param-
eters) between groups, such as older versus younger 
participants or older versus middle-aged participants.

Outcomes

Outcome variables included any measure related to 
muscle fatigue development and endurance. For this 
purpose, both mechanical variables, such as endur-
ance time and decline in force values between pre- 
and post-fatigue assessments, and neuromuscular 
variables, such as MF or MPF of the EMG signals 
and muscle fibre conduction velocity (MFCV), were 
considered.

Study design

Only cross-sectional studies were included in this 
systematic review, as this design is most commonly 
used to address the research question. Therefore, 
non-original literature, such as systematic and narra-
tive reviews as well as other research designs such as 
randomised controlled trials, were excluded. To min-
imise the risk of bias, studies in all languages were 
included in the search. However, non-English studies 
were ultimately excluded due to time and resource 
constraints.

Information sources

Electronic searches were performed on Medline 
(Ovid Interface), EMBASE (Ovid Interface), Pub-
Med, Web of Science (Clarivate Analytics) and 
CINAHL Plus (EBSCO Interface) databases from 
their inception to 28 June 2025. Hand searching of 
key journals—including Journal of Physiology, Jour-
nal of Neurophysiology, Journal of Electromyogra-
phy and Kinesiology, European Journal of Applied 
Physiology, Journal of Applied Physiology, Muscle & 
Nerve—was also conducted. Additionally, the refer-
ence lists of all included papers were checked manu-
ally to identify any additional relevant studies that 
could have been missed during the search.

Search strategy

The search was conducted by the lead author (MP) 
without any restrictions in terms of date, geographi-
cal area and language. Search strategies were tailored 
for each database, and Medical Subject Headings 
(MeSH) were used when appropriate to optimise the 
search process. This approach combined MeSH terms 
and free-text keywords. Although the search was 
adapted for different databases (e.g., syntax), consist-
ency was ensured. The full electronic search strate-
gies for all databases are reported in Supplemental 
file 2.

Selection process

All search results were imported in EndNote 20 
(Clarivate Analytics) by the lead author (MP). Dupli-
cates were identified and automatically removed by 
the software. All remaining references were then 
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imported into Covidence (Veritas Health Innova-
tion, Melbourne, Australia), where the title/abstract 
and full-text screening processes were conducted. 
Titles and abstracts of the studies were independently 
screened by two reviewers (MP and MA) using a 
pretested screening form. Studies were categorised 
as eligible, ineligible or doubtful. Doubtful studies 
were discussed between the two reviewers, and a third 
reviewer (DF) was involved in resolving any disa-
greements or uncertainties. After the initial screen-
ing phase, eligible studies underwent full-text assess-
ment, which was always conducted independently by 
the same two reviewers (MP and MA), with the third 
reviewer (DF) assisting in case of disagreements. If 
the full-text of an eligible study could not be retrieved 
by the reviewers, the authors were contacted with a 
two-week reply window.

Data collection process and data items

Data extraction was conducted by one reviewer (MP) 
using a pretested extraction form that was specifically 
designed to align with the review’s aims. A second 
reviewer (MA) verified the accuracy of the extracted 
data. If clarifications about the data were necessary 
(e.g., incomplete data), the authors were contacted 
with a two-week reply window. When data were 
available only in graphs or tables, WebPlotDigitizer 
(version 5.1) software was used to extract them [30]. 
Relevant data for each aspect of the PICOS frame-
work were extracted. General study information (e.g., 
participant characteristics) and subjective measures 
of muscle fatigue (e.g., Borg scale ratings) were also 
reported. If studies included groups not relevant to 
the review’s aims, they were not considered for data 
extraction.

Risk of bias assessment

Two independent reviewers (MP and MA) assessed the 
methodological quality of the included papers using 
the Appraisal tool for Cross-Sectional Studies (AXIS) 
[31]. The original version of the tool consists of 20 
questions divided into five different sections: introduc-
tion, methods, results, discussion, and other. However, 

the tool was slightly modified to better align with the 
objectives of this review, as previously reported [32]. 
Specifically, questions 7 and 14 were removed, as non-
response bias had little relevance in our review due to 
the nature of the included studies. Question 13 of the 
original tool (now renumbered as question 12 in the 
modified version) was revised to assess whether infor-
mation about participant dropouts during testing ses-
sions were reported. Each question was answered with 
“Yes”, “No”, or “Don’t know”. A response of “Yes” 
was awarded 1 point, while “No” or “Don’t Know” 
responses were awarded 0 points. However, question 19 
of the original tool (now renumbered as question 17 in 
the modified version), which is related to the conflicts 
of interest, was scored differently. Due to the nature of 
the question, a response of “Yes” was awarded 0 points, 
while “No” received 1 point. The maximum possible 
score for each study was 18, with higher scores indicat-
ing lower risk of bias. To ensure comparability across 
studies, scores were converted into percentages. Studies 
scoring ≥ 75% were classified as “good” quality, those 
scoring between 50 and 74% as “moderate” quality, and 
those scoring <50% as “poor” quality [33].

Synthesis methods

Both narrative and meta-analytic approaches were 
employed to synthesise the data from the included stud-
ies [34, 35]. The narrative synthesis was conducted for 
endurance time, EMG parameters, and force decline 
while the meta-analysis was performed for endurance 
time only. No grouping was necessary for the meta-anal-
ysis, as all studies included the same outcome measure 
(endurance time in seconds), allowing for direct com-
parisons. The narrative synthesis involved outlining and 
tabulating study characteristics to facilitate a comprehen-
sive interpretation of findings across all studies [34]. For 
the meta-analysis, only studies with available or retriev-
able mean ± SD data on endurance times (in seconds) 
and sample sizes for both older and younger groups were 
included. The endurance results reported by Tsuboi et al. 
[24] were pooled into a single group, as the authors origi-
nally reported data separately for male and female par-
ticipants. The pooled mean and standard deviation were 
calculated using the following formulas:

Mean_pooled =
(Nmale ×mean_male) + (Nfemale ×mean_female)

Nmale + Nfemale
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The mean difference (MD) was selected as the out-
come measure, as endurance time in seconds was a 
common metric across studies.

Meta-analysis procedures and forest plot generation 
were performed using R software (version 4.4.3) [36] 
with the “meta” package (v. 8.0.2) [37]. A random-
effects model was chosen to account for the antici-
pated heterogeneity across studies, common in ageing 
research due to variations in study protocols, partici-
pant characteristics (including age ranges and fitness 
levels), sample sizes, task specificity, and measure-
ment techniques. The Knapp-Hartung adjustment 
was applied to calculate the 95% confidence intervals 
around the pooled effect estimate [38], providing more 
conservative estimates particularly suited for meta-
analyses with smaller numbers of studies. Additionally, 
prediction intervals were included alongside summary 
estimates to illustrate the expected range of true effects 
in future studies. This approach enhances clinical inter-
pretation by showing the breadth of potential outcomes 
rather than just the average effect [35, 39].

While a random-effects model was implemented to 
account for heterogeneity, it is important to acknowl-
edge that this approach does not eliminate heterogene-
ity but accommodates it statistically [35]. Additional 
measures were taken to explore heterogeneity beyond 
the commonly used I2 statistic, which has limitations 
in fully characterising heterogeneity patterns. To gain 
further insight into the variation in true effects across 
studies, the between-study variance (τ2) was estimated 
using the restricted maximum-likelihood (REML) esti-
mator, as recommended for continuous outcomes [35, 
39]. Prediction intervals were also calculated for pooled 
effect sizes to offer a more comprehensive perspective 
on the potential range of true differences in endurance 
times between older and younger adults across studies 
[35, 39]. This approach enhances clinical interpretation 
by illustrating not only the average effect but also the 
expected range of effects in future studies.

Sensitivity analyses

Given the anticipated heterogeneity in ageing stud-
ies comparing endurance measures, comprehensive 

SD_pooled =

√

[

(Nmale − 1) × SD
2_male

]

+
[

(Nfemale − 1) × SD
2_female

]

Nmale + Nfemale − 2

sensitivity analyses were conducted [35]. This 
involved sequentially excluding each study to assess 
the consistency of the meta-analysis results and eval-
uate the impact of individual studies on overall het-
erogeneity. Outliers and influential cases were also 
quantitatively explored using established deletion 
diagnostics adapted from linear regression [40, 41]. 
These diagnostics included externally standardised 
residuals, DFFITS values, Cook’s distances, covari-
ance ratios, DFBETAS values, estimates of τ2 and Q 
when each study was removed sequentially, diagonal 
elements of the hat matrix, and the weights assigned 
to observed outcomes during model fitting. These 
analyses were performed using the “influence” func-
tion from the “metafor” package (v. 4.6.0) in R [40]. 
The influence function allows for a quantitative iden-
tification of potential outliers and influential studies 
that may disproportionately affect the meta-analysis 
results, facilitating the detection of studies that could 
bias the findings. This comprehensive approach to 
identifying influential cases and conducting sensitiv-
ity analyses ensured the robustness of the findings 
regarding age-related differences in endurance times.

Certainty of evidence

The overall certainty of the evidence was indepen-
dently assessed by two reviewers (MP and MA) 
using the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) 
approach. This involved a five-step process as out-
lined by Goldet and Howick [42], resulting in a final 
rating of the quality of evidence as high, moderate, 
low, or very low. Based on GRADE guidelines, evi-
dence from observational studies was initially rated 
as low quality, but could be upgraded in the presence 
of specific factors such as large effect sizes or clear 
dose–response relationships. Cohen’s d values were 
used to estimate effect sizes. Conversely, the cer-
tainty was downgraded based on concerns related to 
risk of bias, inconsistency, imprecision, indirectness, 
or potential publication bias. Publication bias was 
assessed by generating funnel plots using the fun-
nel function from the “metafor” package (v. 4.6.0) in 
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R. Due to the small number of studies in our meta-
analysis (fewer than 10), formal statistical tests such 
as Egger’s regression test were not performed as they 
lack sufficient statistical power with small sample 
sizes and can lead to misleading results [43]. Instead, 
we relied on visual inspection of the funnel plot to 
qualitatively evaluate potential asymmetry that might 
suggest publication bias. The GRADE approach was 
applied to the studies included in the meta-analy-
sis, following the removal of the outlier (described 
below), to enable a tailored interpretation of the evi-
dence in accordance with established guidelines for 
evaluating observational studies [44].

Results

Study selection

The database search process yielded a total of 1253 
records. Following duplicate removal, two independ-
ent reviewers screened the titles and abstracts of 1021 
records. An additional paper was identified through 
hand-searching. Full-text screening was performed 
on 43 records in total (42 from databases and 1 from 
hand-searching). Four studies were excluded from 
this phase as the full text was not available: three were 
conference abstracts [45–47], and requests for the full 
text of one study were unsuccessful [48]. During the 
full-text screening, studies were excluded for the fol-
lowing reasons: 17 did not include the age groups of 
interest (i.e., older group < 60 years) [49–65]; four 
lacked comparisons with younger groups [66–69]; 
three involved individuals with low back pain or 
other medical conditions [70–72]; one did not assess 
the muscles of interest [73]. The review ultimately 
included 14 studies (13 from databases and 1 from 
hand-searching). The complete screening process 
is illustrated in the PRISMA flow diagram in Fig. 1 
[25].

Study characteristics

Although 14 studies were initially included in this 
review, the study by Parreira et  al. (2014) [19] was 
excluded due to suspected data overlap with a prior 
publication from the same authors [74]. This resulted 
in a final inclusion of 13 studies, the characteristics 
of which are summarised in Table  1. In total, these 

studies involved 1116 participants, of whom 326 
were older individuals, while the remaining were 
young and middle-aged controls. All studies focused 
on fatigue/endurance of the back extensor muscles, 
while no studies investigating the neck extensor 
muscles in the context of fatigue and ageing were 
retrieved. When specific muscles were identified in 
the studies (i.e., in those assessing EMG), their names 
were explicitly reported in Table  1 (e.g., multifidus, 
lumbar erector spinae). In contrast, when studies 
evaluated back muscles more generally, these muscles 
were described using the broader term “paraspinal 
muscles”. Additionally, all studies employed isomet-
ric tasks, except for Parreira et al. [74], which used a 
dynamic fatiguing protocol.

Risk of bias assessment

A comprehensive summary of the risk of bias for 
each study is presented in Table  2. Scores ranged 
from 10 to 17 out of a maximum of 18, corresponding 
to percentages between 55.56% and 94.44%. None of 
the included studies has been rated as “poor” quality 
study. The full set of questions, along with the spe-
cific scores assigned to each question for each study, 
is presented in Supplemental file 3.

Narrative synthesis of the results

The main findings from the individual studies were 
grouped per outcome domains and described in a nar-
rative way. Ten studies assessed endurance time [17, 
18, 20, 21, 24, 74–78], five studies evaluated EMG 
parameters [22–24, 78, 79], and two studies investi-
gated force decline [21, 78].

Endurance time

Three studies reported reduced endurance time in 
older compared to younger individuals, specifically 
during the Biering-Sørensen endurance test [18, 76] 
and the Ito test [17]. In contrast, five studies found 
no significant differences in endurance time between 
younger and older participants [20, 21, 24, 75, 78]. 
Three of these studies employed a modified version 
of the Sørensen test performed on a 45° Roman Chair 
until voluntary exhaustion [20, 21, 78], with Parrella 
et al. [78] using a submaximal intensity set at 30% of 
maximal voluntary isometric force (MVIF). Instead, 
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the other two studies used the Ito test [75] and the 
standard Biering-Sørensen test [24]. In the study by 
Koch et al. [77], which employed a modified version 
of the Sørensen test, endurance time was reported 
only as a secondary outcome, and no statistical com-
parison between age groups was conducted. There-
fore, no specific findings are discussed in the narra-
tive synthesis; however, the descriptive data (Table 1) 
were included in the meta-analysis. Lastly, one paper 
reported greater endurance time in older individuals 
compared to younger controls during a dynamic back 
extension task until voluntary exhaustion [74].

EMG parameters

Three studies assessed the decline in MF slope during 
fatiguing tasks for the back extensors [22–24], with 
Tsuboi et al. [24] also evaluating the decline in MPF. 
One study found a reduced decline in both absolute 
and normalised MF values in older adults compared 
to younger controls for the erector spinae assessed at 
the L5 level during a 30-s isometric back extension 
task at 80% MVC [22]. Similarly, Tsuboi et  al. [24] 
reported lower MF and MPF slope declines in the 

lumbar erector spinae of older men during the Bier-
ing-Sørensen test performed until voluntary exhaus-
tion, although no such differences were observed in 
older women. Additionally, no differences in MF 
decline between age groups were observed in the 
multifidus and iliocostalis lumborum muscles by da 
Silva et al. [23] during either a 60-s 45° Roman chair 
exercise or a functional task involving holding a box 
in an upright position for 60 s. In contrast, Singh et al. 
[79] found that older adults exhibited higher EMG 
signal power in the 101–200 Hz frequency band of 
the longissimus muscle compared to younger adults 
during all time epochs of a 120-s isometric lumbar 
extension task performed at 60% MVC. Lastly, Par-
rella et al. [78], using high-density electromyography 
(HD-sEMG), found comparable declines in MFCV of 
the lumbar erector spinae muscle between age groups 
during a modified version of the Biering-Sørensen 
test performed at 30% MVIF to exhaustion. How-
ever, age-related differences in the spatial distribution 
of muscle activity were observed, with older adults 
exhibiting a cranial shift in the centroid of mus-
cle activity with fatigue, while younger individuals 
showed a lateral displacement.

Fig. 1   PRISMA flow diagram
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Force decline

One study assessed the decline in maximal isometric 
lift force following a modified version of the Sørensen 
test performed until voluntary exhaustion [21] and 
found no differences between older and younger indi-
viduals. Similarly, Parrella et al. [78] observed a com-
parable reduction in MVIF across age groups using 
the same test, but performed at a submaximal inten-
sity (30% MVIF).

Meta‑analysis results for endurance time

Initial analysis including all studies

A random-effects meta-analysis was initially con-
ducted including all 10 identified studies, comprising 
958 participants (248 elderly and 710 young adults). 
This preliminary analysis indicated that the elderly 
exhibited significantly reduced endurance of the 
back extensor muscles compared to younger adults 
(MD = −33.91 s [95% CI: −62.55; −5.26], t9 = −2.68, 
p = 0.025; Supplemental file 4). However, substantial 

heterogeneity was observed (I2 = 87.0%, τ2 = 1091.87, 
χ2 = 69.27, p < 0.001), warranting further investiga-
tion of potential influential studies.

Identification of outliers

Influence diagnostics were performed to identify 
potential outliers that might disproportionately affect 
the meta-analysis results. This quantitative assess-
ment clearly identified Parreira et  al. (2013) (study 
5) as a significant outlier (Supplemental file 5). This 
finding was consistent across several diagnostic meas-
ures, particularly evident in the Studentised Residu-
als, DFFITS values, Cook’s Distances, Covariance 
ratios, estimates of heterogeneity (τ2 and Q-statistic), 
and DFBETAS plots. The specific values from the 
influence diagnostics analysis are provided in Sup-
plemental file 6. The methodological assessment con-
firmed this statistical identification, as Parreira et al. 
(2013) was the only study assessing trunk fatigue dur-
ing a dynamic task, whereas all other studies evalu-
ated trunk muscle endurance during a sustained back 
extension isometric contraction. Additionally, it was 

Table 2   Risk of bias assessment of the included studies using the AXIS

= good quality (≥75%)
= moderate quality (50-74%)
= poor quality (<50%)

Study Introduc�on Methods Results Discussion Other SCORE %
Koch et al. (2025) 1/1 9/9 3/4 2/2 2/2 17/18 94.44

Parrella et al. (2025) 1/1 8/9 3/4 2/2 2/2 16/18 88.89

Han et al. (2024) 1/1 8/9 2/4 2/2 2/2 15/18 83.33

Liu et al. (2024) 1/1 7/9 1/4 1/2 2/2 12/18 66.67

Da Silva et al. (2015) 1/1 7/9 2/4 2/2 2/2 14/18 77.78

Kienbacher et al. (2014) 1/1 5/8 3/4 2/2 2/2 13/18 72.22

Parreira et al. (2013) 1/1 7/9 2/4 2/2 2/2 14/18 77.78

Tsuboi et al. (2013) 1/1 6/9 2/4 1/2 1/2 11/18 61.11

Bašič et al. (2013) 1/1 6/9 2/4 0/0 1/2 10/18 55.56

Adedoyin et al. (2011) 1/1 7/9 2/4 2/2 1/2 13/18 72.22

Mbada et al. (2011) 1/1 7/9 2/4 2/2 1/2 13/18 72.22

Singh et al. (2011) 1/1 8/9 1/4 1/2 1/2 12/18 66.67

Champagne et al. (2009) 1/1 7/9 4/4 2/2 2/2 16/18 88.89
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the only study showing significantly better endur-
ance in older adults compared to younger adults 
(MD = 36.00 [95% CI: 8.93; 63.07]), contrary to the 
pattern observed across all other included studies. 
Due to these statistical and methodological considera-
tions, we determined that Parreira et al. (2013) should 
be excluded from the primary analysis.

Refined analysis after outlier removal

After excluding Parreira et  al. (2013), our refined 
meta-analysis included 9 studies with a total of 922 
participants (230 elderly and 692 young adults). The 
results demonstrated a larger and more statistically 
significant effect, with older adults exhibiting mark-
edly reduced endurance times of the back extensor 
muscles compared to younger adults (MD = −41.31 
[95% CI: −64.04; −18.57], t8 = −4.19, p = 0.003; 
Fig. 2). Heterogeneity, although still present, was sub-
stantially reduced (I2 = 76.4%, τ2 = 485.07).

Secondary influence diagnostics performed on 
the refined dataset did not identify any studies as 
potential outliers (Fig.  3). The specific values from 
the influence diagnostics analysis are provided in 
Supplemental file 7. Sensitivity analyses confirmed 
the robustness of our findings, as the effect sizes 
remained significant across all iterations regardless of 
which study was removed from the model (Fig. 4).

Assessment of publication bias

The funnel plot (Fig.  5) shows a relatively symmet-
rical distribution of studies around the central effect 
estimate, with studies appearing on both sides of the 
mean effect. While there is some clustering of stud-
ies on the left side (negative effects), this is consistent 
with the overall negative effect observed in the meta-
analysis rather than indicative of bias. The reason-
able symmetry of the plot suggests that publication 
bias is unlikely to substantially influence our findings, 
although caution is warranted given the small number 
of included studies.

GRADE

Considering all the domains assessed using the 
GRADE approach, the findings from the meta-analysis 
provide moderate certainty of evidence that the endur-
ance time of the back extensor muscles during isomet-
ric tasks is reduced with ageing. The included studies 
were not downgraded for risk of bias or publication 
bias as the AXIS tool and the funnel plot did not reveal 
any major concerns, respectively. For inconsistency, 
no downgrade was needed despite high heterogene-
ity (I2 = 76.4%) because the direction of the effect was 
consistent across studies. Therefore, the substantial 
statistical heterogeneity likely reflects methodologi-
cal differences between studies, such as variations in 

Fig. 2   Forest plot of endurance time differences between 
elderly and young adults after outlier removal. The plot of the 
refined analysis displays mean differences (MD) in endurance 
time (seconds) with corresponding 95% confidence intervals 
(95% CI) for each included study. The green diamond repre-
sents the pooled effect estimate with its 95% CI, while the red 

line indicates the prediction interval. Negative values on the 
x-axis indicate decreased endurance time in elderly compared 
to young adults, while positive values indicate increased endur-
ance in elderly adults. The size of each square is proportional 
to the study’s weight in the meta-analysis. The forest plot is 
organized in descending order based on publication year
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sample size, rather than true inconsistency in the effect 
estimates. Additionally, indirectness was not a con-
cern given that the outcome variable (endurance time) 
was consistently measured across all studies, and the 
target population was appropriately represented. No 

downgrade was applied for imprecision because the 
confidence interval did not cross the line of no effect 
(zero), with both upper and lower bounds indicating a 
meaningful difference. Lastly, an upgrade was applied 
as the calculated Cohen’s d for our outcome indicated 

Fig. 3   Influence diagnostic plots for the meta-analysis of 
endurance time differences between elderly and young adults. 
The figure presents an influence analysis for the meta-analytic 
model, illustrating various diagnostic measures to identify 
influential studies. The plots include externally studentised 
residuals, DFFITS values, Cook’s distances, covariance ratios, 

estimates of heterogeneity (τ2 and Q-statistic) when each study 
is removed, hat values, weights and DFBETAS. The y-axis 
shows the values of each measure, and the x-axis displays the 
study numbers, ordered according to their appearance in the 
forest plot. The blue line in each plot represents the mean of 
each parameter across all studies
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Fig. 4   Forest plot showing sensitivity analysis with sequential 
removal of individual studies after exclusion of Parreira et al. 
(2013). Mean differences (MD) with 95% confidence intervals 
are shown for the meta-analysis after sequentially omitting 
each remaining study, following the exclusion of Parreira et al. 

(2013). The green diamond at the bottom represents the overall 
effect from the analysis. Each row shows how the pooled effect 
estimates, confidence intervals, and heterogeneity statistics 
(P-value, Tau2, Tau, and I2) change when the corresponding 
study is removed

Fig. 5   Funnel plot for the 
assessment of publication 
bias. The blue dots repre-
sent individual studies, with 
mean difference (seconds) 
on the x-axis and standard 
error on the y-axis. The 
vertical black dashed line 
indicates the overall effect
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a medium to large effect size (–0.77). The summary of 
the results is presented in Table 3.

Discussion

The aim of this systematic review and meta-analysis 
was to synthesise the existing evidence on how age-
ing influences the development of muscle fatigue in 
the spinal extensor muscles, including the lumbar, 
thoracic, and cervical (neck) extensors. However, 
only findings related to the back extensor muscles 
are reported and discussed, as no studies were iden-
tified that examined and compared fatigue in the 
neck extensors between younger and older adults. 
Based on data from 9 studies, a meta-analysis 
revealed, with moderate certainty of evidence, a 
significant reduction in endurance time of the back 
extensor muscles during sustained isometric con-
tractions in older adults. In contrast, EMG stud-
ies investigating neuromuscular fatigue in the back 
extensor muscles produced mixed findings, likely 
due to considerable methodological variability 
across studies.

Is endurance of the back extensor muscles reduced in 
older adults?

Across all studies included in the meta-analysis, the 
observed effect consistently suggested a decline in 
endurance time with ageing (Fig. 2). The substantial 
heterogeneity among studies is likely attributable 
to differences in participant characteristics (e.g., 
sample size). Additionally, there may be an over-
lap in the populations reported by two studies [18, 
76], as their characteristics appear very similar, but 

one study involves a larger sample size. Attempts to 
clarify this potential overlap with the authors were 
unsuccessful. Nevertheless, sensitivity analysis con-
firmed the robustness of the findings, as the exclu-
sion of any single study did not alter the overall 
outcome.

Contrary to our findings, a previous system-
atic review by Christie et al. [80] reported a general 
increased fatigue resistance in elderly people com-
pared to young adults during isometric contractions 
of lower and upper limb muscles. This phenomenon, 
defined as the “fatigue paradox”, has been attributed 
to physiological changes associated with ageing, 
such as greater loss and atrophy of fast-twitch mus-
cle fibres, motor unit remodeling, and a reduced reli-
ance on glycolytic metabolism [81]. Altogether, these 
factors contribute to slower contractile properties in 
older adults. However, this mechanism may not apply 
as prominently to the back extensor muscles (e.g., 
the erector spinae), which already exhibit a high pro-
portion of slow-twitch fibres in younger individuals 
(approximately 60–70%) [82]. Therefore, although 
age-related physiological changes likely occur in 
these muscles as well, the functional consequences 
may not be as evident as in muscles with a greater 
proportion of fast-twitch fibres, such as the elbow 
flexors and knee extensors.

The studies included in the meta-analysis 
employed various types of isometric tests to assess 
the endurance capacity of the back extensor muscles, 
including the standard Biering-Sørensen test [18, 24, 
76], a modified version of the Biering-Sørensen test 
using a 45° Roman chair [20, 21, 77, 78], and the 
Ito test [17, 75]. These protocols have been widely 
used in the literature to evaluate back muscle func-
tion across diverse populations [29]. Liu et  al. [75] 

Table 3   Summary of the overall certainty of evidence

Study Outcome Rating Reasons for downgrading (↓) or 
upgrading (↑)

Koch et al. (2025)
Parrella et al. (2025)
Han et al. (2024)
Liu et al. (2024)
Tsuboi et al. (2013)
Bašič et al. (2013)
Adedoyin et al. (2011)
Mbada et al. (2011)
Champagne et al. (2009)

Reduced endurance with ageing 
during isometric back extension 
tasks

○○ ⊕ ○
MODERATE certainty of evi-

dence

↑ Medium to large Cohen’s d 
(−0.77)
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observed a positive correlation between the func-
tional cross-sectional area (FCSA) of the multifidus 
muscle and static back muscle endurance. In con-
trast, other studies did not report any significant asso-
ciations between the CSA of the paraspinal muscles 
and endurance time [17, 68, 83]. However, there is 
consistent evidence indicating a negative correlation 
between fat infiltration within the paraspinal muscles 
and back endurance [17, 75, 83]. Therefore, since 
elderly people exhibit greater fat infiltration in both 
the multifidus and erector spinae muscles compared 
to younger individuals [17, 75], this factor may partly 
explain the reduced endurance time of the back exten-
sors observed for older adults.

Notably, the three studies reporting the greatest 
reductions in endurance time among elderly individu-
als (Fig.  2) employed different isometric fatiguing 
protocols: the standard Biering-Sørensen test [76], 
a modified Sørensen test on a 45° Roman Chair [20, 
77], and the Ito test [17]. Although these protocols 
impose varying mechanical demands on the back 
extensor muscles [29], the reduction in endurance 
time observed in older participants was consistently 
evident across tests. This finding suggests that the 
observed age-related decline in back extensor endur-
ance is not attributable to the specific characteristics 
of a single test, but rather reflects a broader, more gen-
eralisable physiological decline associated with age-
ing. Nevertheless, with the exception of Parrella et al. 
[78], none of the studies included in the meta-analysis 
quantified the force output during the endurance task, 
which was generally performed at an absolute inten-
sity rather than relative to individual capacity. This 
methodological aspect may have influenced the mag-
nitude of the age-related difference in endurance time, 
since tasks performed at an absolute force level may 
impose a higher relative workload on older adults due 
to their reduced maximal strength. However, even 
when controlling for force output—as in Parrella et al. 
[78], who employed a task performed at 30% of par-
ticipants’ maximal voluntary isometric force—the for-
est plot (Fig. 2) still indicates a trend toward reduced 
endurance time with ageing. Additionally, studies that 
assessed general fatigue indicators, such as post-task 
force decline [21, 78] and perceived exertion using the 
Borg scale [21], reported no significant age-related 
differences in these parameters, suggesting that overall 
fatigue development was comparable between older 
and younger individuals. This is further supported by 

da Silva et al. [23] who observed no group differences 
in Borg scores during two distinct submaximal fatigu-
ing tasks not performed to exhaustion. Although only 
a few studies assessed these parameters, the findings 
suggest that the reduced endurance time observed in 
older adults might not be related to a greater general 
sense of fatigue, but rather to specific neuromuscular 
changes associated with ageing.

Potential neuromuscular mechanisms

From a neuromuscular perspective, some studies exam-
ined EMG parameters during fatiguing tasks for the 
back extensor muscles to better understand the mecha-
nisms underlying age-related fatigue. A smaller decline 
in MF was reported in older adults during a 30-s 
fatiguing task at 80% MVC [22]. Similarly, a reduced 
decline in both MF and mean MPF was observed in 
older men during the Biering-Sørensen test until vol-
untary exhaustion [24]. These attenuated spectral shifts 
have been interpreted as potentially reflecting a greater 
proportion of type I muscle fibres with ageing. How-
ever, Tsuboi et al. [24] did not observe a correspond-
ing increase in back muscle endurance, unlike findings 
reported in other muscle groups [84]. This discrep-
ancy suggests that factors beyond muscle fibre-type 
composition may primarily underlie the age-related 
changes in EMG spectral shift, such as increased reli-
ance on synergistic muscles. Older adults may recruit 
additional synergistic muscles more extensively than 
younger individuals to help sustain the endurance 
task, distributing the workload more broadly and con-
sequently producing smaller EMG spectral shifts in 
the primary back extensor muscles. Moreover, Par-
rella et  al. [78] did not find significant differences in 
MFCV between age groups during a modified Biering-
Sørensen test, further suggesting that intrinsic muscle 
fibre properties may not fully explain the attenuated 
spectral shifts observed in older adults. Taken together, 
these findings point toward alternative explanations, 
such as greater recruitment of synergistic muscles or 
altered load-sharing strategies in older individuals to 
maintain task performance. In this regard, older adults 
exhibited a different distribution of erector spinae mus-
cle activity compared to young controls during fatigue. 
Specifically, they showed a more cranial activation 
pattern, which may reflect a compensatory strategy 
to redistribute load away from the lower lumbar seg-
ments—particularly the L4–L5 level—which are more 
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susceptible to age-related degenerative changes [85]. 
In contrast, no differences in MF decline were reported 
during either a 60-s 45° Roman chair exercise or a 
functional task involving holding a box in an upright 
position for 60 s [23], possibly due to the lower inten-
sity and shorter duration of these tasks compared to 
more demanding protocols employed in the other stud-
ies. Lastly, Singh et  al. (2011) [79] reported greater 
power in the 101–200 Hz frequency band of EMG 
signals in older adults compared to younger individu-
als during a 120-s isometric lumbar extension contrac-
tion at 60% MVC. However, no time-related changes 
were observed in any frequency band for either age 
group, leading the authors to suggest that this type of 
task likely did not induce significant fatigue-related 
changes in neuromuscular activation patterns. Overall, 
the variability in EMG outcomes and methodological 
approaches across studies limits the ability to draw 
definitive conclusions about the neuromuscular mecha-
nisms underlying age-related fatigue of the back exten-
sor muscles. Furthermore, to the best of the authors’ 
knowledge, no animal studies have specifically 
assessed age-related changes in endurance or fatigue of 
these muscles, and therefore mechanistic insights from 
animal models cannot currently be applied to human 
back extensor fatigue.

Methodological considerations

Some important considerations should be made 
when interpreting age-related differences in mus-
cle fatigue, which may guide future research in this 
area. First, future studies should extend beyond iso-
metric protocols to include dynamic tasks involving 
the spinal extensors, as age-related fatigue patterns 
may differ depending on the type of contraction 
[84]. For instance, the assessment of isokinetic con-
tractions of the spinal extensor muscles may pro-
vide a more comprehensive understanding of how 
endurance capacity of these muscles changes with 
ageing. This is particularly relevant as such con-
tractions more closely reflect the movements per-
formed during activities of daily living compared 
with isometric contractions [86]. Notably, the only 
study focusing on dynamic contractions of the back 
extensor muscles [74] reported greater endurance in 
elderly individuals compared to young participants, 
contrasting with the reduced endurance observed 
during isometric tasks in this review. However, 

future studies are needed to confirm or refute this 
finding. Additionally, physical activity levels should 
be assessed, as they may influence not only mus-
cular endurance capacity but also an individual’s 
predisposition to sustain prolonged effort. Among 
the included studies, only Han et al. [17] and Kien-
bacher et al. [22] quantified physical activity levels 
in their respective age groups. Lastly, sex differ-
ences in spinal extensor muscle fatigue should also 
be investigated, as previous research suggests that 
sex can be a factor influencing fatigue resistance 
during ageing [87], but it remains unclear whether 
similar patterns extend to spinal muscles. Reporting 
both physical activity levels and sex differences is 
important as these variables could serve as potential 
moderating factors in future meta-analyses. 

In conclusion, this systematic review and meta-
analysis revealed that endurance of the back extensor 
muscles is reduced in older adults when performing 
isometric tasks. However, the specific neuromuscular 
mechanisms underlying this decline remain unclear 
due to mixed EMG findings and methodological vari-
ability across studies. Future studies should aim to 
clarify these mechanisms, potentially by employing 
protocols based on relative intensity (e.g., %MVC) 
rather than absolute loads and should also extend to 
dynamic contractions. Moreover, studies specifically 
examining age-related fatigue in the neck extensor 
muscles are warranted, as no such data were identi-
fied in the present review.
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